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Abstract 
Heteropterys aphrodisiaca (nó-de-cachorro), Pyrostegia venusta (“cipó-de-são-joão”) Inga edulis (ingá-cipó), 
Hymenaea courbaril stilbocarpa (jatobá) and Phaseolus vulgaris L. (beans) have been reported great natural 
antioxidant properties. The important role of antioxidants in human health has been demonstrated, thus increasing the 
interest in such products and their demand by consumers. Supercritical fluid extraction (SFE) is a promising 
technology proved to obtain extracts with high quality by using CO2. Concerning that, the use of simulation software 
to estimate the cost of manufacturing (COM) allows time reduction in the studying of industrial processes, making 
possible great capacity of analysis of the process. The aim of this work is to evaluate the quality of the Brazilian 
plants extracts selected through the antioxidant activity and perform the economical evaluation of the SFE. To 
evaluate the effectiveness of SFE in obtaining extracts rich in antioxidant, the global yields of these plants were 
determined at 323 K and 35 MPa by using CO2 and CO2 plus ethanol (10% v/v) as a modifier. The antioxidant 
activity was determined by the linking capability of the free radical DPPH (1,1-difenil-2-picrilidrazil). The software 
SuperPro designer 6.0® was used to simulate the process and to estimate COM of extracts. For the scale-up, the 
procedure assumed that the industrial scale unit has the same performance as the laboratorial scale unit; this study 
considered setups with extractor of 0.3 m3. The results indicated that all the global yields increased with the use of 
ethanol as co-solvent instead of CO2 pure to obtain rich antioxidants extracts by SFE. Comparing all the extracts, 
jatobá showed the highest antioxidant activity, about 10-14% scavenging ability using CO2 and CO2 + ethanol, 
respectively. According to the simulation process, all the extracts obtained with the addition of co-solvent showed a 
lower COM. 
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1.Introduction 
The scientific knowledge about the use of natural products with functional properties, nutraceuticals 
and food supplements in the prevention or treatment of specific diseases has grown increasingly in recent 
years [1]. ADA - American Dietetic Association [2] defines functional foods as any modified food or 
ingredient, able to provide a beneficial effect beyond that provided by the nutrients it contains, and 
nutraceutical as any substance that can be considered food or part of this offer and medical benefits, 
including prevention and treatment of disease. 
Many of the chemicals that give the characteristics of functional foods are bioactive substances 
belonging to the group of compounds of secondary metabolism of plants, also called the phytochemical 
compounds, and can be defined as highly active in terms of nutritional, physiological and/or medicinal 
[3]. Thus, many functional activities are attributed to the extracts and active ingredients extracted from 
plants native trees such as antioxidant, anticancer, anti-HIV, antimicrobial, anti-malarial, hypoglycemic, 
among others [1]. 
Pyrostegia venusta is vegetable matrix popularly known as “cipó-de-são-joão” whose leaves and stems 
are used in traditional medicine as tonic, and for the treatment of diarrhea and dysentery. It is cultivated 
due to its flashy appearance and reputed therapeutic properties [4]. Some compounds as E-sitosterol, n-
hentriacontan, acacetin-7-O-E-D-glicopyranoside, mesoinositol, stigmasterol, E-amyrin and oleanolic acid 
were isolated and characterized from their leaves [4, 5, 6]. Santos & Blatt [6] also reported a quantitative 
analysis of flavonoids and total phenolics originating from cipó-de-são-joão leaves from the forest and 
cerrado; the values obtained were 1.72 % and 1.87 % for total phenolics, and 0.62 % and 0.53 % for 
flavonoids, respectively for the forest and cerrado. 
Extracts of Ingá edulis Mart. (Leguminosae-Mimosoideae) (“ingá-cipó”), have been used in folk 
medicine as a diuretic and anti-inflamatory product [7]. Previous studies of these species showed high 
values of antioxidant capacity and phenolic content in leaves extract [8]. Flavan-3-ols ((+)-catequin and (-
)-epicatequin) and flavonoids (myricetin-3-O-Į-L-rhamnopyranoside and quercetin-3-O-Į-L- 
rhamnopyranoside) were the major compounds identified [9]. In study of Souza et al. [8], it was verified 
the occurrence of compounds with significant antioxidant in ingá-cipó leaves that can be used in 
pharmaceutical and medicinal preparations.  
The specie Heteropterys aphrodisiaca O. Mach (“nó-de-cachorro”) is regarded as a medicinal plant of 
great importance due to the healing power of its root, including memory and sexual stimulant [10], 
vasodilatation, physical and physiological invigorating capacities, antiulcer, cleanser and antioxidant 
properties [11]. Qualitative analysis of the plant extract showed glycosides, polyphenols, tannins, 
alkaloids, saponins and anthracene derivates as majority compounds [12]. Marques et al. [13] isolated and 
identified substances of phenolic extract like dihidroflavonoids altilbin, neoastilbin and isoastilbin. 
A few examples of biological activities from Hymenaea courbaril stilbocarpa (“jatobá”) extracts have 
been reported. The Brazilian jatobá bark provided an extract with high 5-lipoxygenase inhibitory activity; 
its extract has also been used in the cosmetic industry owing to the polycatechin, which has moisturizing 
and skin-lightening effects. Flavonoids of varied structures [14] and diterpenes [15] are also common in 
Hymenaea species. Terpenes have various biological activities, such as protection against infections and 
insect attack [13] and antimicrobial activity [16]. 
Finally, common bean (Phaseolus vulgaris L.) is well known as a rich source of phytochemicals, such 
as flavonoids, polyphenols and phenolics, which exhibit natural antioxidant properties [17]. Flavonoids 
compounds present in the seed coats of beans have been associated to the beans’ significant antioxidant 
activity [18, 19]. Anthocyanins, one class of flavonoids compounds, were detected in the bean coat 
extract [20]. Tsuda et al. [21] studied the antioxidant activity of pea bean from ethanol extract prepared 
from black and read seed coat exhibiting strong antioxidant capacity. Nowadays, beans are popular used 
in disease prevention such as colon cancer, reducing the risk of diabetes, obesity, and coronary heart 
diseases [22]. 
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In this context, literature presents several methods phenolic compounds extraction of these Brazilian 
plants, however, to our knowledge the use of supercritical fluid extraction (SFE) method for this purpose 
were not reported. SFE is well known as a clean technology that avoids or minimizes damages to the 
environment extracting desired compounds by changing the operational conditions. Compared with other 
techniques as using conventional solvents, products obtained with SFE are free of toxic residues and 
generally present high quality; in addition, the presence of thermolabile compounds requires the use of 
techniques at low temperatures to avoid the possibility of hydrolysis, hydrosolubilization, or degradation 
[23]. 
Among the separation techniques, supercritical fluid extraction has considerable advantages as 
compared with conventional extraction methods. In addition to the solvent can be easily removed from 
the mixture by pressure reduction and/or temperature adjust, has lower energy requirements compared to 
other methods and enables a rapid extraction due to low viscosity, high diffusivity and appropriate solvent 
power of the supercritical fluid. Included, the supercritical fluid extraction requires the use of little or no 
organic solvent, presenting, therefore, as a safe and environmentally friend technology since carbon 
dioxide is re-circulated in the system [24, 25, 26, 27]. 
Nevertheless, there are few industrial applications of this technology in Latin America; the main 
reasons are the high investment costs due to the high pressures required for the extraction process, which 
results in high manufacturing costs [28]. Thus, industrial application of SFE technology requires an 
analysis of economic factors should be performed. The development of SFE units on an industrial scale 
promotes the reduction of costs for equipment used in the process. 
In light of this, for the analysis of economic feasibility and the industrial application of supercritical 
technology, it is necessary to study the optimized process conditions, the chemical composition of the 
extract and its functional properties, the estimated cost of manufacturing, and choose the most 
advantageous source of the target compounds which depends on the desired composition of the plant 
extract [29, 30]. 
Hence, this study aimed to evaluate the efficiency of supercritical fluid extraction using ethanol as 
modifier to obtain extracts rich in antioxidant compounds from five different Brazilian plants analyzing 
their total antioxidant capacity by DPPH radical scavenging at a previously selected process condition of 
temperature and pressure. 
2.Materials & Methods 
Leaves of “cipó-de-são-joão” and “inga-cipó”, the root of “nó-de-cachorro” and bark of “jatobá” were 
purchased from Superextra (São Paulo, Brazil). The beans (BRS grafite) used in this work were donated 
from Embrapa Arroz e Feijão (State of Goiás, Brazil). The raw materials were comminuted in a knife mill 
(Marconi, model MA 340, Piracicaba, Brazil), packed in plastic bags and stored in a domestic freezer 
(Double Action, Metalfrio, São Paulo, Brazil) at 258 K. 
The supercritical fluid extractions were carried out using Spe-ed SFE system (Applied Separations, 
Allentown, USA) equipped with a 6.57 cm3 extraction cell (Thar Designs, Pittsburg, USA) for the 
extraction with CO2; and (ii) The SFE-I system equipped with a 415 mL extraction vessel (3.4 × 10-2 m of 
diameter and 37.5 × 10-2 m of height, internal dimensions) for the extraction with CO2 + ethanol. Raw 
material was placed inside the extractor vessel with the aid of a nylon cell presenting approximately the 
same diameter of the vessel. The temperature and pressure selected for the extraction were 323 K and 35 
MPa, respectively. Carbon dioxide (99.5% purity, Gama Gases Especiais, São Paulo, Brazil) was 
admitted into the system keeping the relation S/F (ratio between the mass of solvent (S) and the mass of 
solid (F)) constant and equal to 50; ethanol was used as a modifier, 10% (v/v). The extraction time using 
pure CO2 was 40±2 minutes and for CO2 + ethanol was 77±2 minutes. The global yield was calculated as 
the ratio of the total mass of extract and the total initial mass of raw material (wet basis); the assays were 
carried out in duplicated. 
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Radical scavenging activity using DPPH (2,2-diphenyl-1-picrylhydrazyl) was performed according to 
the method of Kordali et al. [31]. The DPPH solution was prepared dissolving DPPH radical in ethanol at 
a concentration of 60 μM. The standard calibration curve was prepared at different concentrations of 
DPPH: 0, 10, 20, 30, 40 and 50 60 μM. Then, it was prepared in tubes at least five different dilutions in 
ethanol of the supercritical extracts (0.05, 0.1 and 0.2 mg/cm3). Subsequently, in the dark, an aliquot of 
0.1 cm3 of each dilution of the extract was transferred to tubes with 3.9 cm3 of DPPH solution and mix in 
a shaker tube. It was used 0.1 cm3 of ethanol as control. Pure ethanol was used as blank to calibrate the 
spectrophotometer. The readings were taken immediately at 0 and 30 minutes of reaction at a wavelength 
of 517 nm in UV-vis spectrophotometer (Hitachi, model U-3010, Tokyo, Japan). Antioxidant activity of 
the extracts was calculated by scavenging ability (SA) at 0.2 mg/cm3 extract concentration according to 
Equation 1 as follow: 
 
                                
(1) 
 
The global yield (X0) was calculated as the percentual (%) of extract mass (mextract) in the total initial 
mass of raw material (mRM) loaded in the extraction cell as shown in the Equation 2: 
 
                   (2) 
 
SuperPro Designer 6.0® was used for process simulation and economical evaluation. The main costs 
that compose the manufacturing costs (COM) are similar to the ones described by Turton et al. [32], 
which are given by total capital investment cost (FCI) and operating cost: raw materials (CRM), utilities 
(CUT), and operating labor (COL) costs. The process was design to run 7.920-h per year, which 
corresponds to 330 days per year of continuous 24-h per day operation. For the scale-up, the procedure 
assumed that the industrial scale unit has the same performance as the laboratorial scale unit; this study 
considered setups with extractor of 0.3 m3. 
3.Results and Discussion 
Figure 1 and 2 show the results of global yields (% X0) and antioxidant activity (% SA) for SFE with 
CO2 and CO2 + ethanol (EtOH). Global yields are expressed as gram of extract per 100 grams of raw 
material (RM) fed in dry base (db), i.e., the percentage of extract recovery achieved for each sample and 
condition. Antioxidant activities are expressed as the percentage of potential antioxidant compounds 
present in the extract. 
Looking at Figure 1 it is possible to notice that for SFE with CO2 the greatest amount of global yield 
was obtained for ingá-cipó (IC) followed by jatobá (JB), nó-de-cachorro (NC), cipó-de-são-joão (CSJ), 
and bean (FJ). On the other hand, the highest value of antioxidant activity per extract was achieved for 
jatobá followed by cipó-de-são-joão, bean, ingá-cipó, and nó-de-cachorro. This demonstrates that a higher 
recovery of extract is not always associated with a higher recovery of antioxidant compounds. 
Hence, it is possible to perceive that although the high extraction yields of the samples ingá-cipó and 
nó-de-cachorro, the target compounds recovery was very low presenting a possible infeasibility to 
obtaining antioxidant compounds using SFE with CO2 from these raw materials. On the other hand, in 
spite of low global yields values, bean and cipó-de-são-joão showed higher percentages of antioxidant 
activity demonstrating a better use as antioxidant compounds sources than ingá-cipó and nó-de-cachorro. 
However, the highest antioxidant activity percentage was obtained for jatobá and had the second best 
global yield as well. 
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Fig. 1. Global yields (X0) and antioxidant activities (%) of extracts using SFE with CO2 from cipó-de-são-joão (CSJ), ingá-cipó (IC), 
nó-de-cachorro (NC), jatobá (JB), and bean (FJ) raw materials. 
 
Fig. 2. Global yields (X0) and antioxidant activities (%) of extracts using SFE with CO2 + ethanol from cipó-de-são-joão (CSJ), 
ingá-cipó (IC), nó-de-cachorro (NC), jatobá (JB), and bean (FJ) raw materials. 
 
Evaluating the results in Figure 2, it can be verified that the addition of ethanol as cosolvent in SFE 
process had a positive influence in the extraction efficiency of all raw materials. On the other hand, 
regarding the antioxidant compounds recovery, the addition of ethanol as modifier showed a great 
enhancement in antioxidant activity of supercritical extracts for the samples jatobá, ingá-cipó, and nó-de-
cachorro. However, bean and cipó-de-são-joão showed a decrease in antioxidant compounds recovery 
with the addition of ethanol to the process. This indicates that in terms of extract quality samples jatobá, 
ingá-cipó, and nó-de-cachorro represent better antioxidant compounds sources using SFE with ethanol 
than, using pure CO2, while bean and cipó-de-são-joão achieved better antioxidant activity results by SFE 
with pure CO2. 
Table 1 presents the results of the cost of manufacturing (COM - US$/Kg) of all samples using CO2 
and CO2 with ethanol in the SFE processes. It is possible to observe that the specific costs obtained for 
the antioxidant compounds (COMAC) for SFE process using CO2 + EtOH were a lot lower than those 
assessed for the process using only CO2. Although the addition of ethanol in the SFE process could 
represent an increase in manufacturing costs of the extracts because it requires a distillation step to 
remove the organic solvent, in fact, cost of manufacturing decrease in all samples mainly because of 
antioxidant compounds recovery enhancement with the addition of cosolvent. And also, the COM was 
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directly influenced by the global yield (X0) of extracts; in extractions with CO2 the lower X0 of extracts 
lead to higher COM. In addition, the difference in demand of raw material between these processes was 
large because SFE process with CO2 presented shortest extraction time and therefore a larger number of 
cycles with more consumption of raw material.  
Table 1. Cost of manufacturing of global yield (COMX0) and antioxidant compounds (COMAC) obtained by SFE using CO2 and CO2 
with ethanol for cipó-de-são-joão (CSJ), ingá-cipó (IC), nó-de-cachorro (NC), jatobá (JB), and bean (FJ). 
COMX0  COMAA 
Plants  CO2 
(US$/Kg) 
CO2 + EtOH  
(US$/g) 
CO2 
(US$/Kg) 
CO2 + EtOH 
(US$/g) 
CSJ 1773.00 22.00 34.06 0.490 
IC 3004.00 47.00 300.20 0.314 
NC 4170.00 30.00 745.80 0.147 
JB 16130.00 48.00 241.10 0.513 
FJ 983.00 7.00 27.420 0.668 
4.Conclusion 
Through a critical analysis of the results of antioxidant capacity it can concluded that the addition of 
ethanol as modifier had a positive effect on the extraction yield of antioxidant compounds obtained from 
all raw materials, except to cipó-de-são-joão and bean that had the opposite result which it was achieved a 
higher antioxidant compounds yield without cosolvent. 
According to results it is possible to affirm that the most efficient process to obtain antioxidant 
compounds was supercritical fluid extraction (SFE) using ethanol as cosolvent for all raw materials due to 
higher antioxidant compounds recovery and lower manufacturing costs. In spite of cipó-de-são-joão and 
bean samples had higher antioxidant compounds yields using only CO2 instead of CO2 with ethanol, the 
enhancement in costs makes economically unfeasible the use of SFE with CO2. 
Evaluating the yield of antioxidant compounds and the specific costs it can be concluded that the most 
viable process to obtain antioxidant compounds is SFE with ethanol; the raw materials more suitable in 
terms of economics and quality for this process are ingá-cipó and nó-de-cachorro. Studies focusing the 
use of other cosolvents as isopropyl alcohol and water and variables as solvent residence time, flow rate 
and S/F ratio are very useful for the optimization of supercritical extraction and should be conducted next. 
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